Most array signal processing systems use delay-and-sum beamforming to estimate source bearings. This paper demonstrates the close relationship between beamforming and frequency-wavenumber spectrum analysis. The latter approach has computational advantages over beamforming when the noise is spatially correlated. The wavenumber approach is used to'derive the array response of a general linear or planar array to plane wave signals. The statistical properties of the maximum-likelihood estimators of source bearing and amplitude are presented for an array with many elements. Optimal array design is also discussed.
INTRODUCTION
Suppose that an array of sensors is receiving coherent radiation from a distant source. Most array signal processing systems use delay-and-sum beamforming to estimate the source bearing. t For sonar arrays, accurate bearing estimation of single or multiple targets is the main design goal; array design and signal processing are subproblems.
There is a close relationship between beamforming and frequency-wavenumber Fourier analysis, which has computational advantages over beamforming when the noise is spatially correlated. This relationship is described in the first part of this paper. Then I show how to use the wavenumber approach to easily calculate the array response for any linear or planar array geometry, and to mitigate the jamming effects of a coherent interfering signal. The final secti6n deals with bearing estimation of a broadband wave when the noise is spatially correlated. These results are easily extended to planar arrays. ß If we want the array's response to be the same for all look angles, then the geometry must be circular. The analogy to the tWo subarray design is a disk where the sensors are placed around its outer edge. In generaI, we want to select the r(j,j •) to maximize the concavity of the main lobe. Using similar calculations as were used to derive (19), we want to maximize. 
I. WAVENUMBER SPECTRUM AND BEAMFORMING
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In the next section, we deal with estimating source bearings when the received signal is a sum of coherent waves plus noise.
IV. SIGNAL PLUS NOISE
The major advantage of the frequency-wavenumber approach is the ease with which it handles spatlally correlated noise. Spatlally correlated noise makes the signal-to-noise ratio (SNR) direction dependent. Com- 
